Introduction
============

Patients with COPD may experience acute exacerbations, which are defined as events characterized by a worsening of respiratory symptoms that is beyond normal day-to-day variations, necessitating a change in medications.[@b1-copd-11-1327] COPD exacerbation is important because frequent acute exacerbations have a negative effect on the quality of life of patients[@b2-copd-11-1327] and are one of the most common causes of hospitalization and mortality.[@b3-copd-11-1327] Moreover, the frequency of exacerbations contributes to a long-term decline in lung function.[@b4-copd-11-1327] From economic perspectives, acute exacerbation results in an increase in the economic and social burden.[@b5-copd-11-1327] Regardless of the degree of airflow limitation, the known precipitating factors for acute exacerbation include viral or bacterial infection, and air pollutants, with no specific factors identified for approximately one-third of cases.[@b1-copd-11-1327]

It has been reported that mild-to-moderate airway obstruction (Global Initiative for Chronic Obstructive Lung Disease \[GOLD\] class 1 and 2) accounts for the majority of COPD patients in several prevalence studies on COPD.[@b6-copd-11-1327]--[@b8-copd-11-1327] The exacerbation rate in these patients is 0.7--0.9/year, as estimated from large randomized controlled trials.[@b1-copd-11-1327] However, few studies have evaluated the incidence of acute exacerbations and the associated risk factors in COPD patients with mild-to-moderate airflow limitation in real-world practice. The aim of this study was to determine factors associated with acute COPD exacerbations in patients with mild-to-moderate airflow limitation in actual clinical settings.

Materials and methods
=====================

Study participants
------------------

We enrolled COPD patients with mild-to-moderate airflow limitation from the Korean COPD Subtype Study (KOCOSS) cohort, which is a registry organized to clarify the clinical phenotype of COPD in Korea.[@b9-copd-11-1327],[@b10-copd-11-1327] Patients were recruited from 37 tertiary referral hospitals in Korea. The inclusion criteria for KOCOSS cohort were as follows: age ≥40 years, postbronchodilator forced expiratory volume in 1 second (FEV~1~)/forced vital capacity (FVC) \<0.7, and the presence of respiratory symptoms such as cough, sputum, and dyspnea. We excluded patients receiving treatment for any respiratory diseases mimicking COPD, such as bronchiectasis, asthma, and tuberculosis-destroyed lungs. The definition of mild-to-moderate airflow limitation was adopted from the GOLD guidelines (FEV~1~ ≥50% of the predicted value).[@b1-copd-11-1327] All patients included in this analysis were part of the patient dataset obtained on December 31, 2014.

Procedures
----------

Clinical examinations and spirometry were performed to assess the severity of COPD in all patients. We used self-administered questionnaires to acquire demographic characteristics, past medical histories, and data related to comorbidities. Dyspnea and quality of life were assessed by the modified Medical Research Council (mMRC) score, COPD assessment test (CAT), and St George's Respiratory Questionnaire for COPD (SGRQ-c).[@b11-copd-11-1327]--[@b13-copd-11-1327] Because there can be discrepancies between mMRC and CAT scores, we collected both data simultaneously.[@b10-copd-11-1327] SGRQ-c is also a reliable, valid instrument to measure the self-reported quality of life in COPD patients. Therefore, we gathered data using three different questionnaires at baseline. Histories of exacerbation before enrollment were gathered at baseline. Exacerbation was defined in this study as worsening of one of the respiratory symptoms, such as an increase in sputum volume, purulence, or dyspnea, necessitating treatment with systemic corticosteroids, antibiotics, or both.[@b9-copd-11-1327] Furthermore, when the exacerbation required a visit to the emergency room or hospitalization, it was defined as moderate or severe exacerbation, respectively.

The patients received appropriate treatment according to their COPD status. Prospective exacerbation data were collected according to the KOCOSS protocol. The patients were required to visit the hospital every 6 months, and spirometry was performed every year during the follow-up period. When patients could not visit the hospital, we contacted them by telephone to acquire data. During follow-up, the doctors assessed the disease status, conducted physical examinations, and asked patients to complete questionnaires. December 31, 2014 was used as the cutoff date for available longitudinal data. We gathered exacerbation data according to severity of airflow limitation and GOLD risk group and compared the baseline characteristics of patients stratified by the presence or absence of a previous acute exacerbation history.

Statistical analyses
--------------------

All data are presented as mean ± standard deviation where appropriate and were analyzed using SPSS 22.0 (IBM Corporation, Armonk, NY, USA) for Windows. Descriptive analyses were performed to assess differences in baseline characteristics between patients with and without exacerbation histories. We used chi-square tests and Fisher's exact test for categorical variables and the Kruskal--Wallis test for continuous variables. In addition, we performed logistic regression analysis to determine the risk factors for COPD exacerbation. All *P*-values were two-sided, and values of \<0.05 were considered to be statistically significant.

Ethical statement
-----------------

This study protocol was reviewed and approved by the ethics and review board of each participating study center (Hallym University Sacred Heart Hospital, IRB No 2012-I027). All patients provided written informed consent before participation.

Results
=======

Patient characteristics
-----------------------

A total of 570 COPD patients with mild-to-moderate airflow limitation were enrolled in this study. The proportion of males was 90.4%, the mean follow-up duration was 22.3±21.4 months, and the mean age of patients was 69.8±7.8 years. A total of 114 (20%) patients had experienced acute exacerbation a year before enrollment. Furthermore, 90.7% patients exhibited moderate airflow limitation (GOLD 2), while the remaining exhibited mild airflow limitation (GOLD 1). According to the 2011 GOLD classification, 24.9% and 74.7% patients exhibited GOLD class A and B, respectively. The enrolled patients exhibited comorbidities, with hypertension being the most frequently encountered (37.9%). A total of 14.2% patients had a history of pneumonia. The patients' baseline characteristics are summarized in [Table 1](#t1-copd-11-1327){ref-type="table"}.

Experience of acute exacerbation
--------------------------------

A total of 30.5% patients experienced acute exacerbation during the first year of follow-up. The estimated exacerbation rates were 23.1% for patients with an FEV~1~ of ≥80% of the predicted value, 28.3% for patients with an FEV~1~ of 60%--80% of the predicted value, and 35.8% for patients with an FEV~1~ of ≤60% of the predicted value (*P*=0.369). Using the new GOLD classification for comparisons, we found that 34.2% patients with GOLD class B developed exacerbation during the first year of follow-up, whereas only 19.3% patients with GOLD class A experienced exacerbation during this period (*P*=0.036; [Figure 1](#f1-copd-11-1327){ref-type="fig"}). We showed the proportion of patients according to the exacerbation of COPD during the first year of follow-up in [Figure S1](#SD1-copd-11-1327){ref-type="supplementary-material"}. A total of 58.3% patients with a history of exacerbation before enrollment experienced exacerbation events during the first year of follow-up. Among the patients with exacerbation, 36.9% exhibited moderate or severe exacerbations (emergency room visit or hospital admission).

Factors associated with acute exacerbation of COPD
--------------------------------------------------

We compared baseline characteristics between patients with COPD exacerbation and those without during the follow-up period and found that mean mMRC, CAT, and SGRQ-c scores were significantly higher for the former than for the latter ([Table 2](#t2-copd-11-1327){ref-type="table"}).

With regard to comorbidities, hyperlipidemia was more frequent in patients with exacerbation than in those without, while hypertension, diabetes mellitus, congestive heart failure, osteoporosis, and gastroesophageal reflux disease showed similar prevalences in both groups. Among the patients with exacerbation, histories of pneumonia and allergic rhinitis were more prevalent ([Table 3](#t3-copd-11-1327){ref-type="table"}). Multivariate analysis using a logistic regression model that included all associated variables revealed that the SGRQ-c score (odds ratio \[OR\], 1.02; 95% confidence interval \[CI\], 1.00--1.04; *P*=0.034), a previous history of exacerbation (OR, 3.12; 95% CI, 1.35--7.23; *P*=0.008), and a history of pneumonia (OR, 1.85; 95% CI, 1.06--3.25; *P*=0.032) were independently related to a higher risk of COPD exacerbation ([Table 4](#t4-copd-11-1327){ref-type="table"}).

Discussion
==========

In the present study, we showed that 30.5% COPD patients with mild-to-moderate airflow limitation experienced acute exacerbation in the first year of follow-up. When compared according to baseline FEV~1~ levels, 23.1% patients with an FEV~1~ of ≥80% of the predicted value (mild COPD) and 64.1% with an FEV~1~ of 50%--80% of the predicted value (moderate COPD) experienced exacerbation. The risk of exacerbation is known to increase with an increase in the degree of airflow limitation.[@b1-copd-11-1327] The estimated annual exacerbation rate from several medium-term studies has been reported to range from 0.5 to 3.5 per patient per year, regardless of the severity of airflow limitation.[@b14-copd-11-1327]--[@b16-copd-11-1327] Furthermore, the annual rate of exacerbation in patients with moderate COPD has been reported as 1.02 per person per year for females and 0.74 per person per year for males.[@b17-copd-11-1327] The estimated annual rate of exacerbation in our study was 0.57 per patient per year, which was relatively lower than that in previous studies. This discrepancy may be attributed to differences in the study population; our study included 9.3% patients with mild COPD and a majority of male patients.

A previous history of exacerbation is a well-known risk factor for future exacerbation,[@b14-copd-11-1327] and our study confirmed this. A total of 58.3% patients with a previous history of exacerbation experienced acute exacerbations in the first year of follow-up. This figure was significantly higher than that for patients without a history of exacerbation (*P*=0.000). In logistic regression analysis, OR for a previous exacerbation history was 3.12 (95% CI, 1.35--7.23; *P*=0.008).

We also explored the association between baseline FEV~1~ and COPD exacerbations. The estimated exacerbation rates were 23.1% for patients with an FEV~1~ of ≥80% of the predicted value, 28.3% for patients with an FEV~1~ of 60%--80% of the predicted value, and 35.8% for patients with an FEV~1~ ≤60% of the predicted value. There was no significant association, although the COPD exacerbation rate was higher for patients with poor lung function (*P*=0.369).

SGRQ-c and CAT scores were significantly higher for patients with a previous history of exacerbation, and the differences between groups were above the minimal clinically important difference for each score.[@b18-copd-11-1327],[@b19-copd-11-1327] This finding supported the findings of previous studies reporting that exacerbations were significantly associated with an impairment in health status.[@b2-copd-11-1327],[@b20-copd-11-1327] Binominal logistic regression analysis revealed that patients with poor SGRQ-c scores were at greater risk of COPD exacerbation. Although some previous studies have demonstrated that a poor SGRQ-c score was a risk factor for readmission or increased COPD-related mortality,[@b21-copd-11-1327]--[@b24-copd-11-1327] to the best of our knowledge, this is the first study to report a direct association between the SGRQ-c score and COPD exacerbation, particularly in patients with mild-to-moderate airflow limitation.

We also evaluated the association between self-reported comorbidities and COPD exacerbation and found that only hyperlipidemia was associated with COPD exacerbation; other diseases such as hypertension, diabetes mellitus, congestive heart failure, osteoporosis, and gastroesophageal reflux disease were not significant factors. However, because of the short follow-up duration in this study, it was difficult to fully determine the relationship between the COPD exacerbation rate and comorbidities. Further research is needed to determine this association.

Pneumonia is a well-known risk factor for COPD exacerbation.[@b1-copd-11-1327],[@b25-copd-11-1327] Patients with a history of childhood pneumonia were found to develop more frequent and severe COPD exacerbations compared with patients with no history.[@b26-copd-11-1327] We showed that a history of pneumonia was more frequent in patients with COPD exacerbation and was a risk factor for COPD exacerbation according to logistic regression analysis. This finding was consistent with that of a study conducted in South Korea, where it was reported that a history of pneumonia increased the risk of COPD exacerbation by 18 times.[@b20-copd-11-1327]

Distinct phenotypes are believed to exist in terms of acute COPD exacerbation,[@b27-copd-11-1327] and there may be different phenotypes in patients with different degrees of airway limitation in terms of the development of acute exacerbation. In the present study, we showed that a history of pneumonia was associated with COPD exacerbation in addition to a history of previous exacerbation. This finding suggests that chronic airway bacterial colonization is a more important risk factor for COPD exacerbation in patients with mild-to-moderate airflow limitation.

This study has some limitations. First, the follow-up period was relatively short; therefore, we were unable to assess the long-term exacerbation events in patients with mild-to-moderate COPD. However, we believe that this study provides an insight that a substantial number of COPD patients with mild-to-moderate airflow limitation can experience exacerbation. Second, we attempted to determine the relationship between comorbidities and COPD exacerbation; however, the exacerbation rate was not fully evaluated with regard to comorbidities. Also, the use of self-reported comorbidities may have confounded the accuracy of results. Third, the predominance of male patients and patients with GOLD 2 is inconsistent with the patients samples in previous prevalence studies regarding COPD.[@b7-copd-11-1327],[@b8-copd-11-1327] Because our subjects were already diagnosed with COPD, our study may differ from those of previous prevalence studies aimed at the general population. Furthermore, our study sample may reflect the actual situation in Korea.[@b28-copd-11-1327]

Despite these limitations, to the best of our knowledge, this is the first study to report the incidence of exacerbation in COPD patients with mild-to-moderate airflow limitation in actual clinical setting. In future course of this ongoing study, we will determine the entire natural course of disease in this patient population.

Conclusion
==========

We found that 30.5% COPD patients with mild-to-moderate airflow limitation developed acute exacerbation in the first year of follow-up. The development of acute exacerbation was associated with quality of life, a previous history of exacerbation, and a history of pneumonia. Patients with mild-to-moderate airflow limitation may exhibit different phenotypes; this will be clarified during the future course of this ongoing study.

Summary at a glance
===================

This study examines the factors associated with acute exacerbation in patients with mild-to-moderate COPD in South Korea. The results suggest that exacerbations occur more frequently in patients with a history of pneumonia or exacerbation in mild-to-moderate COPD patients.

Supplementary material
======================

###### 

Proportion of patients according to the exacerbation of COPD during the first year of follow-up.

**Abbreviation:** GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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![Exacerbation rate of COPD according to the GOLD classification and severity of airflow limitation during the first year of follow-up.\
**Abbreviations:** FEV~1~, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease.](copd-11-1327Fig1){#f1-copd-11-1327}

###### 

Baseline characteristics of included patients with COPD and mild-to-moderate airflow limitation

  Characteristics                                                 Total (n=570)
  --------------------------------------------------------------- ---------------
  Age (years), mean (SD)                                          69.8 (7.8)
  Male, no (%)                                                    515 (90.4)
  Follow-up duration (months), mean (SD)                          22.3 (21.4)
  Lung function, mean (SD)                                        
   Postbronchodilator FEV~1~ (L)                                  1.79 (0.54)
   Postbronchodilator FEV~1~ (% of predicted)                     66.0 (11.6)
   Postbronchodilator FVC (L)                                     3.28 (0.75)
   Postbronchodilator FVC (% of predicted)                        87.4 (15.4)
  Smoking amount (pack-years), mean (SD)                          43.8 (24.3)
  Total CAT score, mean (SD)                                      13.9 (6.9)
  mMRC score, mean (SD)                                           1.36 (0.85)
  SGRQ-c, mean (SD)                                               30.4 (6.5)
  Number of patients with previous exacerbation history, no (%)   114 (20)
  Comorbidities, no (%)                                           
   Hypertension                                                   37.9
   Diabetes mellitus                                              14.3
   Gastroesophageal reflux disease                                10.4
   Hyperlipidemia                                                 8.3
   Osteoporosis                                                   3.8
   Congestive heart failure                                       3.1
  Past medical history, no (%)                                    
   Asthma                                                         65.4
   Tuberculosis                                                   22.1
   Measles                                                        17.4
   Pneumonia                                                      14.2
   Allergic rhinitis                                              11.0

**Abbreviations:** CAT, COPD assessment test; FEV~1~, forced expiratory volume in 1 second; FVC, forced vital capacity; mMRC, modified Medical Research Council; SD, standard deviation; SGRQ-c, St George's Respiratory Questionnaire for COPD.

###### 

Comparison of baseline characteristics between patients with experience of COPD exacerbation and those without

  Variables                                    Experience of acute exacerbation   Non-experience of acute exacerbation   *P*-value
  -------------------------------------------- ---------------------------------- -------------------------------------- -----------
  Age (years)                                  70.4±6.9                           70.4±7.7                               0.989
  BMI (kg/m^2^)                                23.6±2.9                           23.4±3.5                               0.732
  mMRC score                                   1.57±0.93                          1.25±0.85                              0.015
  SGRQ-c score                                 37.9±2.00                          28.1±1.6                               0.000
  CAT score                                    16.41±7.80                         13.25±6.83                             0.005
  Postbronchodilator FEV~1~ (L)                1.69±0.44                          1.80±0.48                              0.102
  Postbronchodilator FEV~1~ (% of predicted)   64.5±13.8                          67.1±13.0                              0.188

**Notes:** Data shown as mean ± standard deviation. An independent *t*-test was used to compare the two groups.

**Abbreviations:** BMI, body mass index; CAT, COPD assessment test; FEV~1~, forced expiratory volume in 1 second; mMRC, modified Medical Research Council; SGRQ-c, St George's Respiratory Questionnaire for COPD.

###### 

Comparison of self-reported comorbidities and past medical histories between patients with a history of COPD exacerbation and those without

  Variables                          Presence of acute exacerbation   Absence of acute exacerbation   *P*-value
  ---------------------------------- -------------------------------- ------------------------------- -----------
  Comorbidities (%)                                                                                   
   Hypertension                      40.6                             39.9                            0.203
   Diabetes mellitus                 12.5                             12.5                            0.453
   Congestive heart failure          3.1                              4.9                             0.392
   Osteoporosis                      3.1                              2.8                             0.249
   Gastroesophageal reflux disease   7.8                              11.9                            0.419
   Hyperlipidemia                    5.7                              3.1                             0.018
  Past medical history (%)                                                                            
   Asthma                            62.9                             71.6                            0.143
   Allergic rhinitis                 27.4                             10.8                            0.008
   Pneumonia                         23.0                             14.9                            0.008
   Measles                           21.0                             18.9                            0.475
   Tuberculosis                      19.4                             22.3                            0.110

**Note:** A chi-square test was used to compare the two groups.

###### 

Logistic regression model for the risk factors for COPD exacerbation

  Variable                        OR (95% CI)         *P*-value
  ------------------------------- ------------------- -----------
  Previous exacerbation history   3.12 (1.35--7.23)   0.008
  History of pneumonia            1.85 (1.06--3.25)   0.032
  SGRQ-c score                    1.02 (1.00--1.04)   0.034
  Allergic rhinitis               1.15 (0.61--2.19)   0.667
  mMRC                            1.07 (0.66--1.75)   0.777
  CAT score                       1.00 (0.93--1.07)   0.883
  Hyperlipidemia                  0.82 (0.52--1.30)   0.384

**Abbreviations:** CAT, COPD assessment test; CI, confidence interval; mMRC, modified Medical Research Council; OR, odds ratio; SGRQ-c, St George's Respiratory Questionnaire for COPD.
